Abstract. -The PEPSIOS spectrometer is an association of three Fabry-Perot interferometers in series with an interference filter. The parameters of the optical elements are chosen such that isolation of a single common peak is achieved. This system offers the Fabry-Perot advantage to studies of absorption spectra, and the improved instrumental profile suggests application to problems requiring high contrast and suppressed wings. PEPSIOS has been applied to several problems of astronomical importance with a high measure of success. These are briefly described from the instrumental point of view.
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The basic principles of the PEPSIOS [I] spectrometer have been previously described. Essentially it is a scanning spectrometer consisting of an association of three Fabry-Perot etalons in series with an interference filter. The spacings of the Fabry-Perots and pass-band of the filter are chosen so that a single spectral element can be isolated with a high degree of purity from a continuous spectrum. Since the first published description of the PEPSIOS spectrometer, understanding of the characteristics and operation of the instrument has been increased through its successful application to a number of spectroscopic problems. In this paper a more detailed description of certain aspects of the instrument is presented, and several problems to which it has been applied are described from the instrumental point of view.
Among the important characteristics of a spectrometer that are necessary to judge its quality and its suitability for particular spectroscopic problems are its resolution, its instrumental profile, its luminosity, and its parasitic light.
Resolution. - The resolution of the PEPSIOS spectrometer is roughly that of the widest spaced etalon in the series. However one gains a factor which may be as high as about two due to the multiplication of Airy ordinates. This effect is shown in figure 1 where the profiles of the etalons are shown separately and multiplied. The illustration is for etalons of equal finesse and having spacing rations equal to those calculated by McNutt [2] to be optimum for the conditions which he considered. These ratios are I, : 1, : l, = 1.000 0 : 0.883 1 : 0.724 4. In this case the resolving power is increased by a factor of 1.7 over the resolving power expected from a single etalon having a spacing equal to the widest of the series. For the problems so far attempted, resolving powers of about 4 x lo5 are typical.
Instrumental Profile. -It is also seen from figure 1 that the instrumental profile is considerably improved over the case of a single etalon, both because of the more rapid fall-off of the wings and because of the low value obtained for the minimum transmittance. These improvements are achieved experimentally as shown in figure 2, which is a PEPSIOS recording of the 5 890 a line of Na from a hollow cathode. Also drawn on the figure are a resonance profile corresponArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1967259 I " " l " " 1 " '~ structure, and the experimental profile obtained from -a double Fabry-Perot scanning spectrometer with which we have had considerable experience [3] . In each case the advantage to the profile of adding etaIons is clear. These advantages are of great importance for studying faint components in the neighborhood of intense ones, for studying line profiles, and for reducing the parasitic light defined below.
The calculated curves of figure 1 assume that reflections between the etalons can be neglected. In practice reflections are suppressed by slightly tilting the etalons and by reflection losses from the windows between etalon chambers and the backs of the etalon plates. The experimental profile is intermediate between the case of no suppression and complete suppression of the reflections.
The problem of ghosts which arise from incomplete suppression of transmittance peaks of the individual etalons is one which seems a priori quite bothersome. is important to investigate the contribution of this background as well as the ghost contribution to the ding roughly to the Airy profile of a single etalon total light reaching the detector. This is especially having the same half-width as that obtained for important for studies of continuous spectra where PEPSIOS after taking account of the Na hyperfine even a small contribution can become an important [4] for sets of conditions which are thought to be realistic. The calculations, which were performed to find optimum spacing ratios using minimization of the parasitic light as a criterion are in qualitative agreement with each other and predict satisfactory values of the parasitic light. These calculations omit inter-reflections, and the actual experimental results appear to be intermediate between the case of no reflections and the case including all reflections [I] . A direct measurement of the parasitic light as defined above is difficult, but an approximate measure is obtained by tracing a Na absorption cell fully blocking in a narrow region around each resonance line. Such a trace is shown in Daehler using the results of Mc Nutt's calculations. It is seen that the parasitic light is an important function of the etalon finesse and the ratio of the interference filter width to the PEPSIOS resolving limit. The parasitic light also depends upon the shape of the filter passband. The results of figure 4 assume a resonance shape, but filters with much better shape exist and give lower values for the parasitic light. Although the calculations cannot easily be confirmed experimentally, they serve as a guide to finding the optimum parameters for PEPSIOS.
Luminosity. -Apart from a transmittance factor, the luminosity of PEPSIOS is the same as for a single etalon. No experiments have as yet been performed to measure directly the transmittance of PEPSIOS. However, for appropriate problems comparisons with other instruments have been made both directly and indirectly and in every case PEPSIOS has produced higher quality spectra. The comparison, of course, depends upon the conditions under with the comparison is made. If one makes the simple comparison between a PEPSIOS and a single etalon spectrometer looking at a source containing a single line, the result is that at a given resolution the transmittance of the polyetalon is lowered considerably by the product of the transmittances of the individual etalons. However, in a more complicated problem one must also consider the means of eliminating spectral elements which must be rejected before the desired elements may be studied unambiguously. The principal advantage of PEPSIOS arises when it is necessary to isolate a single spectral element from a very dense or continuous light source. It then offers the high luminosity-resolution product characteristic of Fabry-Perot spectrometers without the need of an excessively large premonochromator. For this reason our initial applications of PEPSIOS have been to astronomical problems requiring high precision measurements of absorption features. However, it should be pointed out that the high contrast and greatly suppressed wing of the instrumental profile make PEPSIOS attractive for profil measurements and studies of weak components in the neighborhood of intense ones. general arrangement currently used for PEPSIOS observations. Along with the general PEPSIOS instrument there is a carefully designed reference unit whose output is fed into an electronic divider along with the output from the main photomultiplier to compensate for source intensity fluctuations. These is also a calibration unit which consists of a widely spaced etalon illuminated with a 19' Hg source and which scans along with the main instrument providing stable, accurately spaced reference fringes which are recorded directly on the chart with the spectrum. The same or another widely spaced etalon is also used to provide narrow lines for checking the resolution of the instrument. A11 of these additions are essential for precise measurement of position and intensity.
The alignment method used by Daehler is a variation of a method developed by Burnett 161, and consisted of carefully adjusting the forces on the etalon adjustment springs to achieve simultaneous parallelism and exact spacing of the etalons as verified by the equality of the scanning pressure at which the peak of the line from the Li lamp was found. In this case the three etalons scan together without pressure differences. The Li lamp was also used to fix the wavelength scale of the reference fringes.
One of the particularly troublesome problems which had to be oversome was the appearance of spurious fringes in traces of a continuous light source. An example of spurious fringes is shown in figure 7 . It descent tungsten light source verifiyng the absence of spurious fringes and giving the filter profile correction which was necessary because the filter was not scanned along with the etalons. One large scale division of A or B represents about 1 % of the continuum. C and D illustrate fixing the wavelength scale of the reference fringes, and determining instrumental resolution, respectively. The data so obtained were corrected and averaged to provide a spectrum, shown in figure 9 , with an rrns deviation of less than 1.4 x Overall accuracy was limited by amplifier gain drifts and by interference filter changes which are not fully understood. Careful comparison with the positions and sturcture of the Iithium resonance lines leads to the conclusion that the structure can not be simply attributed lithium.
Stellar and planetary spectra. -Two studies which illustrate primarily the high luminosity which can be med by L. M. Hobbs [7] . These studies were an investigation of interstellar sodium absorption lines, and a search for sodium absorption on Venus. The basic instrumental details were essentially those previously described. The principal differences were that the sources in each case had a very small angular diameter, roughly 12 seconds for Venus and a seeinglimited value of several seconds for a star, and were much fainter than the sun. For these problems a large worth noting that the Venus measurements were taken during daylight, and scans of day sky and day skyplus-Venus were necessary to obtain the Venus results. This also illustrates the potential application of PEPSIOS to day sky measurements. -The bottom of the Fraunhofer D1 absorption line of the solar spectrum. The terrestrial sodium is identified by its position relative to the solar line, which has a gravitational red shift plus a Doppler shift, and by resolution of the two hyperfinestructure blends which are observable by virtue of the low pressure and temperature of the upper atmosphere. Ordinate : intensity (continuum E 1.00) ; Abscissa : wavenumber (50 mk per division).
program for atmospheric sodium abundance measurements at Madison. Instrumental details are similar to those already discussed.
Technology. -Finally, a few additional technological problems must be mentioned. At present an important limitation on the quality of the instrument comes from the departure of the etalon plates from perfect planeness. Roughly, to achieve the same defect limited luminosity-resolution product from PEPSIOS as from a single etalon requires plates with defects smaller by a factor of two. This increased quality demand arises from essentially the same effect that gives rise to the passband narrowing mentioned earlier.
Plates flat to approximately 1/100 of the wavelength being studied usually provide satisfactory quality for a single etalon system, and plates flat to within 1/200 wavelength are sought for a PEPSIOS system. The reduced luminosity caused by plate defects can be partially off-set by reducing the reflective finesse of the etalons, but this can bedone only at the cost of increased parasitic light and ghost intensity, as shown in figure 4 .
A few points about the pressure scanning system need to be mentioned. In all of the applications to date the etalons have been aligned by the mechanical force of the adjustment springs, and the scanning accomplished by pressure changes in a common chamber. For the well known method of polyetalon scanning with constant pressure differences we have sought to achieve a precision of a few hundredths of a torr. Although we have operated a conventional double-etalon scanning system for many years with a precision of 0.1 torr [3] , the higher precision desired for PEPSIOS has just now been achieved, and the scanning system is undergoing tests on the PEPSIOS instrument for sodium absorption measurements. The sensing method is the same as described in the original PEPSIOS paper, i. e. pressure difference mercury manometers with a differential transformer core floating in one arm to provide error signals, but now the pressure differences are maintained by a servo controlled pressure difference regulator.
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